Breakpoints involved in chromosome alterations associated with heterochromatin have been detected in maize plants regenerated from callus culture. A cytogenetic analysis of plants regenerated from a maize callus was performed aiming to analyze the stability of a chromosome 7 bearing a deficiency-duplication (Df-Dp), which was interpreted as derived from a chromatid type breakage-fusion bridge (BFB) cycle. The Df-Dp chromosome 7 was stable in mitotic and meiotic cells of the regenerated plants. Fluorescence in situ hybridization showed signals of telomeric sequences on the broken chromosome arm and provided evidence of de novo telomere formation. The stability of two types of altered chromosome 7 was investigated in C-banded metaphases from samples of the original callus that were collected during a period of 30 to 42 months after culture initiation. New alterations involving heterochromatic knobs of the chromosomes 7 and 9 were observed. The aberrant chromosomes were stable in the subcultures, thus providing evidence of broken chromosome healing. The examination of anaphases showed the presence of bridges, which was consistent with the occurrence of BFB cycles. De novo telomere formation occurred in euchromatic and heterochromatic chromosome termini. The results point to events of chromosomal evolution that might occur in plants.
. Meiotic studies of these plants have shown that most breakpoints were localized between the centromere and the heterochromatic knobs. One hypothesis that was proposed to explain the role of heterochromatin in inducing chromosome breakage was that normally late-replicating heterochromatin may replicate even later in culture, thus leading to the formation of bridges as a result of the delayed separation of chromatids at knob sites (Lee and Phillips 1987) .
Further studies in cells of maize embryogenic calli detected bridges resulting from delayed separation of chromatids at knob regions and typical bridges, i.e., bridges resulting from dicentric chromatids. The examination of C-banded anaphases showed that sister chromatids were held together at C-band sites (corresponding to knobs) (Fluminhan et al. 1996) .
Additionally, typical bridges with and without C-bands were observed. These events were interpreted as evidence of the occurrence of the chromatid type breakage-fusion-bridge (BFB) cycle initiated by chromatids that were broken during the primary event.
The first investigations on the behavior in successive nuclear divisions of a chromosome broken at meiosis showed that the chromatid type of BFB cycle initiated by broken chromosomes occurs in gametophyte mitoses and in the endosperm and that healing of broken chromosome ends occurs in the zygote (McClintock 1939 (McClintock , 1941 . BFB cycles have been detected in other species including wheat (Triticum aestivum), in which reverse tandem duplications were observed on chromosomes (Lukaszewski 1995) . The chromatid type BFB cycle initiated in meiosis continued through pollen mitoses and in early endosperm divisions but apparently did not continue in embryo mitoses.
D r a f t 4
The healing of broken chromosomes, i.e., the addition of telomere sequences at broken ends, has been reported for diverse organisms. In plants it has been investigated by in situ hybridization using probes of telomere repetitive sequences of Arabidopsis thaliana. For example, in wheat, hybridization signals were observed at the broken arms of deleted chromosomes and at the centromeric region of telocentric chromosomes (Werner et al. 1992; Tsujimoto 1993) . Studies in plants are consistent with the expression of telomerase in meristems and undifferentiated cells of in vitro cultures, but low or no detectable expression was observed in differentiated tissues (Fitzgerald et al. 1996) .
In this study we carried out a cytogenetical analysis of plants regenerated from a maize callus culture, in which a deficiency-duplication (Df-Dp) on the chromosome 7 short arm was interpreted as being derived from a chromatid type BFB cycle and healing of the broken arm (Fluminhan et al. 1996) . We aimed to investigate the stability of this chromosome in mitosis and meiosis of regenerated plants, including an analysis by fluorescence in situ hybridization (FISH) using probes of telomeric repeats. In addition, C-banded metaphases from samples of the original callus, collected during a period of 30 to 42 months after culture initiation, were analyzed to investigate the stability of two types of altered chromosome 7 and of other knobbed chromosomes. During this study, aberrations were detected in chromosomes 7 and 9.
Mitotic instability was investigated by the examination of anaphases. D r a f t 5 refers to knob, the number refers to the chromosome and L and S designate the long and short arms, respectively. K6L2, K6L3, K8L1 and K8L2 refer to different knob positions on chromosomes 6 and 8, according to the literature (McClintock et al., 1981) . These lines were derived from the tropical flint variety Jac Duro (JD lines), and their karyotypes were characterized by Mondin et al. (2014) . In this material, the chromosome 7 has a terminal knob on the short arm (K7S) and an interstitial knob on the long arm (K7L), but in several cells of the 3-57 culture, one altered chromosome 7 with two knobs on the short arm was observed (Fluminhan et al, 1996) . According to a previous interpretation (Fluminhan et al., 1996) , the two knobs on the short arm would bear a deficiency in the terminal region (Fig. S1 ). These knobs and the regions designated as b segment would be reverse tandem duplications (RTD) resulting from a delayed separation of sister chromatids at K7S and the formation of a bridge in anaphase, followed by chromatid breakage, a chromatid type BFB cycle and healing of the broken chromosome end.
Preparation of chromosome spreads of regenerated plants
For the somatic metaphase analysis of the regenerated plants, seeds of R1 and R2 generations were germinated at 28°C and excised roots were pretreated with 300 mg/l 8-hydroxiquinoline for 2.5 h, fixed in 3:1 ethanol:acetic acid and stored at -20°C. Metaphase spreads were prepared by digesting the roots in a mixture of 2% (w/v) cellulase (final concentration 9.2 units/ml) and 0.3% (w/v) pectinase (final concentration 14.7 units/ml) in citrate buffer (pH 4.6). They were then immersed in 45% acetic acid (for the C-banding protocol) or in 60% acetic acid (for the FISH protocol) for 5-15 min and squashed. The coverslips were removed in liquid nitrogen, and the slides were air-dried and stored at -20ºC
The Giemsa C-banding was performed as previously described (Bertão and AguiarPerecin 2002) to reveal the knob (C-band) composition in mitotic metaphases of the regenerated plants and of the callus subcultures.
For meiotic chromosome preparations, immature tassels from regenerated (R1 generation) and control plants were fixed in 3:1 ethanol:acetic acid and kept at -20ºC. For the observation of pachytene, diakinesis and anaphase I stages, the anthers were dissected in 1%
propionic carmine (prepared in 1% propionic acid) and the microsporocytes were squashed.
FISH procedure
The FISH procedure was performed as previously reported (Mondin et al. 2007 ) with minor modifications. Each preparation was carried out using 20 µl of probe mixture containing 15 ng/µl of the telomeric probe (TTTAGGG) 6 directly labeled with rhodamine (Life Technologies, USA). The probe was denatured by heating at 98°C, cooled in ice and then dropped on slide preparations onto which coverslips were applied. The preparations were denatured in a thermocycler at 83°C for 10 min and the hybridization was performed at 37°C for 16-20 h. The post-hybridization steps followed the protocol described by Mondin et al. (2007) . The slides were counterstained with DAPI (1 µg/l) and mounted using Vectashield After 18 months of culture initiation, samples of this callus were maintained in this medium (subculture MS2) and were also transferred to MS medium supplemented with 1 mg/l 2,4D (subculture MS1) and to N6 medium (Chu et al. 1975 ) supplemented with 1.5 mg/l 2,4D and 1.38 g/l proline (Armstrong and Green 1985; subculture N6) . The objective was to search the best medium for the callus and to check the influence of small differences in the 2,4D dosage in the frequency of mitotic abnormalities. Two subcultures in each medium were maintained in different Petri dishes and were then designated as cell lines 1-MS2, 2-MS2, 1-MS1, 2-MS1, 1-N6 and 2-N6, respectively.
Cytogenetic analysis of the cell lines
The cytogenetic analysis of the cell lines was performed using samples of proembryoids (globular stage) collected during a cultivation period of 30 to 42 months. Cbanded metaphases and Feulgen stained anaphases were analyzed, and the previously described procedures were employed (Fluminhan et al. 1996) . Approximately 5-30 prometaphases and metaphases from each subculture were observed for the detection of alterations in chromosome 7 and in the other knobbed chromosomes. For the analysis of mitotic instability, approximately 150 anaphase cells from each sample were scored. In this analysis, very early and very late anaphases were not considered. The proportion of total abnormalities was compared by their confidence intervals with 95% of confidence using the R package (R Core Team, 2015) . FISH preparations were observed under a Zeiss Axiophot 2 microscope using the appropriate filters and the images were acquired by a CCD camera and analyzed using the ISIS software (MetaSytems, Germany). All images were processed with Adobe Photoshop 6.0.
The altered chromosomes 7 and 9 that were observed in the cell lines were measured in C-banded metaphases from the subcultures and compared with the normal chromosomes of control plants. The lengths of the short and long arms were estimated, and the centromereknob (C-band) distances in the short and long arms were also estimated. The values were presented as relative length, expressed as percent of the length of chromosome 10 (as reported by Aguiar-Perecin and Vosa 1985) . The data were tested through an analysis of variance and the mean values were compared by a Tukey test using the R package (R Core Team, 2015) .
Results

Stability and transmission of the altered chromosome 7 in regenerated plants
As mentioned above, in a previous analysis of the 3-57 culture (Fluminhan et al. 1996) , the chromosome 7 bearing a deficiency on K7S and duplications of a b segment (DfDp 7) possessed two knobs on the short arm ( Fig.S1 ) and was observed in most of the examined cells. Thus, plants regenerated (R0) from this culture were expected to be heterozygous for this chromosome. C-banded metaphases of root tips from 24 R1 and 52 R2 plants obtained by self-pollination were analyzed. The Df-Dp chromosome 7 was transmitted to 45.83% and 11.76% of the plants examined, respectively. Plants that were homozygous for the aberration were not detected. It was observed that 26.9% of the R1 seeds did not germinate. Presumably, these seeds would be homozygous for the aberration. Telomeric signals were observed at the ends of all somatic chromosomes examined in FISH preparations, including the Df-Dp chromosome 7 (Figs. 1C-1E ). Thus, this result provides evidence of telomere healing at the end of the duplicated short arm. In these DAPI stained chromosomes, bands corresponding to the knobs could be clearly visualized as reported by Mondin et al. (2014) . In less condensed early metaphases, the telomeric signal was clearly detected on the euchromatic end of the short arm (Figs. 1C and 1E) .
Aspects of the meiotic behavior of the regenerated plants (R1 generation) that were heterozygous for the Df-Dp chromosome 7 or homozygous for the normal chromosome were compared with those of control plants. Features of the altered chromosome were examined at the pachytene, diplotene and diakinesis stages. The duplicated short arm bearing two knobs (K7S) and the euchromatic terminal segment were observed at pachytene (Figs. 2A and 2B), while in the normal chromosome of a control plant, K7S was terminal (Fig. 2C ). In the diakinesis and diplotene stages, a heteromorphic pair corresponding to chromosome 7 was observed, as expected for the heterozygotes (Figs. 2D and 2E).
The frequency of univalents at diakinesis and of laggards at anaphase I was higher in the regenerated plants than in the normal plants as shown in Table 1 .
BFB cycles and chromosome healing in the cell lines
The six cell lines (1-MS2, 2-MS2, 1-N6, 2-N6, 1-MS1, 2-MS1) derived from a 18-month-old sample of the 3-57 callus culture were friable embryogenic type II calli, i.e., calli with well formed embryos supported by suspensor-like structures on callus surface as previously reported for the 13233/1 callus by Fluminhan and Aguiar-Perecin (1998). The N6 subcultures (supplemented with L-proline) were more homogeneous and highly embryogenic.
This medium was also used by Armstrong and Green (1985) .
The investigation of mitotic instability via analysis of Feulgen stained anaphases showed abnormalities similar to those previously described (Fluminhan et al. 1996) , shown in Fig.3 : a) bridges resulting from delayed separation of chromatids held together at their ends (Fig. 3A) ; b) broken bridges (Fig. 3B) ; c) typical bridges (Figs. 3C and 3D); and d) fragments (not shown). Table 2 shows the frequency of bridges and other abnormalities (broken bridges and fragments). In all cell lines, a tendency towards a decreasing frequency of abnormalities with time was observed.
Differences in the frequency of total abnormalities between cell lines cultivated in the same or in different culture media were not observed. The comparison of their confidence intervals showed overlap between cell lines, except for the subcultures 1-N6 (42 months), 1-MS1 (42 months) and 2-MS1 (36 months), which presented low frequency of abnormalities and did not display overlap with some cell lines. The subculture 1-N6 (36 months) presented a higher confidence interval, probably due to the low size of the sample.
In the original 18-month-old callus culture 3-57, two types of altered chromosome 7 (Fig.4) were detected in C-banded metaphases. One of the chromosomes possessed two knobs on the short arm (K7S) as described above. The other type of aberrant chromosome 7 possessed K7S on an interstitial position of a duplicated short arm, and was previously interpreted (Fluminhan et al., 1996) as being derived from the same type of BFB cycle shown in Fig S1. In the investigated cell lines, the following types of chromosome 7 were observed ( Fig. 5A ): 7A, normal type; 7B, with a duplicated short arm and a subterminal K7S; 7C, with two knobs on the short arm and a terminal euchromatic segment; 7D, similar to 7C but without the terminal euchromatic segment; 7E, similar to 7D with a smaller terminal K7S; and 7F, with a larger short arm, a very large interstitial K7S and without the knob (K7L) on the large arm. Cells that were homozygous for the aberrant chromosomes were not observed. The 7A, 7B and 7C chromosome types were present in cells from the 18-month-old original callus culture (Fig.4) Fig.6 ). In addition, the following types of chromosome 9 were detected ( Fig. 5A) : 9A, normal, with a very large terminal K9S; 9B, with a smaller K9S; 9C, with a smaller subterminal K9S; 9D, without the knob; 9E, minichromosome interpreted as derived from chromosome 9, as discussed below. Fig. 5B illustrates the 9A, 9C and 9E types and the 9B type can be seen in Figs 5D and 5E. The 9D type, without knob, can be seen in Fig.6 , in the 31-month-old subculture of the 1-MS1 cell line.
The cell line pedigree analysis revealed karyotype diversity among the cell lines, but homogeneity within some of them was observed in samples harvested at different age transfers (Fig.4) . The number of metaphases and prometaphases observed was variable (1 to 27) depending on the mitotic index of the samples analyzed (Table S1 ). It is interesting to note that during this analysis, gross aberrations were not detected in the chromosomes 6 and 8 which possessed knobs, but smaller than those found on chromosomes 7 and 9.
The morphometric analysis of the different types of chromosomes 7 and 9 (Table 3) provided valuable information for the characterization of the aberrations and for the interpretation of the mechanisms of the origin of the chromosomal aberrations, as discussed below. Approximately 5-10 chromosomes of each type were evaluated. The comparison between the long arm length of the different types of chromosome 7 and the 7N-C (from control plants) showed that no alteration occurred, except in the 7F type, where a deficiency including the K7L was found. The short arm lengths of 7N-C and 7A types were similar, and significant differences were observed between the other types of chromosome 7. The centromere-knob (C-band) distance on the long arm (CKD/L) was similar in all types of chromosome 7. As for the distance between the centromere to the proximal knob on the short arm (CKD/S1), it was similar in all of the altered chromosomes compared with the D r a f t centromere-knob distance in the normal chromosomes (7N-C and 7A). No significant differences were found between the distance of the centromere to the terminal knob (CKD/S II) in chromosomes 7C and 7D.
The different types of chromosome 9 had a similar long arm length, except for a significant difference between 9C and 9D. Significant differences were found between the short arm lengths of the altered chromosomes (9B, 9C and 9D), and no differences were found between the centromere-knob distance in all types of chromosomes.
Discussion
Transmission and stability of the altered chromosome 7 in regenerated plants and healing of the broken short arm in callus culture C-banded mitotic metaphases in R1 and R2 generations showed the presence of an altered chromosome 7 with two knobs (K7S) and a terminal euchromatic segment on the short arm, as well as a normal long arm with a knob (K7L). This altered chromosome was similar to the one previously observed in the 3-57 culture (Fluminhan et al., 1996) At the pachytene stage in heterozygous R1 plants, it was also evident that the Df-Dp chromosome 7 possessed two knobs (K7S) and a terminal euchromatic segment. At diakinesis, 2.84% of the PMCs contained univalents from the heteromorphic pair corresponding to chromosome 7. This observation and the presence of laggards at anaphase I (7.92%) could not explain the low transmission of the altered chromosome to the R1 and R2 plants, due to their low frequency. The genotype ratios observed were not the expected according to Mendelian segregation, probably due to inviability of pollen grains or of homozygous seeds, that resulted from the presence of tandem reverse duplications on the short arm of chromosome 7. Low transmission of RTD chromosomes was also observed in wheat among progenies obtained after self-pollination of heterozygotes; this event would D r a f t reflect reduced competitiveness of the RTDs relative to normal chromosomes on the male side (Lukaszewski, 1995) .
On the other hand, the structure of the aberrant chromosome 7 was stable and similar to that observed in the original callus culture. The FISH procedure showed telomere signals at its termini in mitotic metaphases of the R1 plants. Thus, the results provide evidence that de novo telomere formation occurred at the broken chromosome end, presumably due to telomerase activity in the original 3-57 callus.
Studies in plants are consistent with the expression of telomerase in a subset of tissues, such as the meristematic tissue of cauliflower and undifferentiated cells from Arabidopsis, soybean and carrot suspensions cultures, but low or undetectable in differentiated tissues (Fitzgerald et al., 1996) . In barley, differentiation and ageing resulted in a decrease in the number of telomeric repeats, whereas dedifferentiation in callus culture resulted in an increase in the number of telomeric repeats. Long-term callus cultures had very long telomeres and the absolute telomere lengths were genotype dependent (Kilian et al 1995) . Interestingly, in tobacco, Fajkus et al. (1998) showed the occurrence of high telomerase activity in calli compared with leaves from which the cultures were derived and where the activity was scarcely observed. In wheat, it was demonstrated that dicentric chromosomes undergo BFB cycles in the first mitotic divisions of the gametophyte. Chromosome healing occurs during very early mitotic divisions in the sporophyte by de-novo addition of telomeric repeats, which is a gradual process until the full telomeric repeat length is acquired (Friebe et al., 2001 ).
In our study, we observed the addition of a new telomere at a euchromatic region, which was certainly non-telomeric, strongly suggesting telomerase expression in maize callus culture. Evidence of the healing of broken chromosomes was also observed at different sites of chromosomes 7 and 9 in long-term callus cultures as discussed below.
BFB cycles and inference on broken chromosome healing in the 3-57 callus cell lines
The analysis of C-banded metaphases of the cell lines detected new alterations in the chromosomes 7 and 9 and the occurrence of delayed chromatid separation and bridges in anaphases provided evidence of new BFB cycle events and the healing of broken chromosomes in these long-term cultures.
The two original altered chromosomes 7 (7B and 7C types) were maintained in the cultures, except for the 42-month-old subculture of the 2-N6 cell line, in which a chromosome 7 with a smaller distal K7S (7E type) was found. In addition, in the 1-MS1 and 2-MS1 cell lines, the altered chromosome 7 lost the terminal euchromatic segment (7D type). These data suggest that the cells bearing the original Df-Dp chromosome 7 (7B or 7C types) were highly adapted in culture and that the new types of chromosome 7 (7D and 7E types) detected were derived from the original altered chromosome 7 (7C type) through new events of delayed chromatid separation at the terminal knob and breakage at the knob. In addition, the chromosome 7F observed in the 42-month-old subculture of 1-MS1 is a new alteration of the normal homologue. This chromosome could have been originated through a delay in sister chromatid separation on K7S at anaphase. If the duplicated knob in sister chromatids did not separate and a breakage occurred at an adjacent euchromatic region, an amplified subterminal knob would appear. The absence of the K7L in the chromosome 7F could also be explained by a delay in the separation of the chromatids at the knob site and breakage eliminating the knob.
The morphometric analysis of chromosome 7 showed that the centromere-proximal knob distances (CKD/SI) were similar in the control and altered chromosomes. In addition, there was no difference in the distance of the centromere to the terminal knob (CKD/SII) between the chromosomes 7C and 7D. These observations and the differences in the arm lengths are consistent with the assumptions on the origin of the new chromosome types (7D, 7E ) that we made here.
D r a f t 15
Chromosome 9 suffered alterations in most cell lines except for 1-MS2 and 1-N6 in which the normal chromosome (9A) was observed. In the 2-MS2 and 2-MS1 cell lines the K9S was not detected (9D type), and the 2-N6 cell line presented a partial deletion of this knob (9B type). A delayed separation of chromatids at the K9S in anaphase and a breakage that totally or partially eliminated the knob would explain the appearance of these deletions.
The most interesting observation was made in the 1-MS1 cell line, in which a chromosome 9 displaying a subterminal small K9S (9C type), a chromosome 9 without knob (D type), and a minichromosome (9E type) could have resulted from the mechanism suggested in Fig.7 . The primary event would be a delayed separation of chromatids at K9S, followed by breakage of the knob in one of the chromatids. In the next mitotic cycle the sister broken chromatids, fused at the knob site, would have undergone nondisjunction and given rise to a dicentric chromosome that would initiate a BFB cycle similar to the chromosomal type described by McClintock (1942) . In the next mitosis, a double bridge would occur if the two centromeres of each chromatid passed to opposite poles at anaphase. The detection of double bridges supports this assumption. Among the possible products from the double bridge, two chromatids, one possessing a deficient knob and the other lacking a knob, would initiate a chromatid BFB cycle. The anaphase possessing the knob would give rise to a chromosome with a subterminal K9S (9C type) and to a knobless chromatid (9D type), both of which were observed in the 31-month old subculture. The anaphase without a knob would give rise to a chromatid from which the minichromosome (9E type) would be derived. The mechanism involved is unclear, but we suppose that the prolongation of the BFB cycle in successive nuclear divisions and deletions would generate the minichromosome. The 9C and 9E chromosome types were observed in several subcultures, thus providing evidence of healing of their broken ends.
The morphometric analyses of the various types of chromosome 9 showed differences in the length of the short arm of the altered chromosomes. Significant differences were not D r a f t observed in the centromere-knob distance as expected according to the origin of aberrations hypothesized.
In the present study, only chromosomes 7 and 9 showed alterations resulting from the delayed separation of sister chromatids at knob sites that led to formation of bridges and chromosome breakage. The presence of large knobs in these chromosomes would contribute to the occurrence of this type of primary event. Rhoades and Dempsey (1973) The frequency of anaphases with delayed separating chromatids was low, from 0.67% to 2% and the presence of bridges, broken bridges and fragments gave evidence of the occurrence of BFB cycles. The total abnormalities varied from 0.67% to 10%. These results were quite similar to the ones observed in 5-month-old callus cultures derived from related lines (Fluminhan and Aguiar-Perecin, 1998) . Interestingly, the frequency of abnormalities did not increase with time in culture; in fact they tended to decrease in each of the cell lines scored. Thus, in all probability, BFB cycles did not accumulate because broken chromosomes were healed.
The comparison of the confidence intervals did not show differences between total abnormalities of cell lines cultivated in different media. This means that the differences in the media or in 2,4D dosage used did not have a significant effect on the frequency of anaphase abnormalities.
D r a f t
The presence of altered chromosomes 7 and 9 in the cells of the cultures analyzed showed that these cells were highly adapted in culture. This cytogenetical stability was also observed in callus cultures of Crepis capillaris which showed that an unbalanced karyotype may survive in culture (Sacristan, 1971) and that this capacity is dependent of the competitiveness of the cells. Conversely, regenerated plants from the MS1 cell line, bearing the minichromosome, were not recovered, likely due to its unbalanced karyotype.
In the present study, the data raise interesting questions for further investigations such as the mechanism underlying the delay in chromatid separation at knob sites, mentioned above, and the mechanism of de novo telomere formation in maize callus culture. The most mechanistic information on telomere formation is available through studies in Saccharomyces cerevisiae. In this species, new telomeres were added to non-telomeric broken chromosomes but a strong preference for telomerase action was observed at GT, TG, or GG nucleotides (reviewed by Ribeyre and Shore 2013) . In wheat, the synthesis of telomere sequences could be initiated by 2-to-4-nucleotide target motifs in an r-DNA sequence localized in terminal position (Tsujimoto et al. 1999) . In their review, Lamb et al. (2012) mentioned that DNA double strand breaks can be repaired by distinct pathways in eukaryotic cells, including homologous recombination, nonhomologous end joining and de novo formation of telomere at broken ends, and that spontaneous de novo telomere formation is a rare event. In our study, healing in the chromosomes 7 and 9 occurred possibly due to the presence of specific internal sequences to which telomerase were recruited.
In addition to showing altered chromosome stabilization in callus cultures, the results point to mechanisms of chromosomal evolution related to heterochromatin amount and involving BFB cycles that might occur in plants. Data accumulated in the literature suggest that structural chromosomal rearrangements are very often associated with heterochromatic regions composed of repetitive DNA, and frequently appear in heterochromatin-euchromatin borders (reviewed by Raskina et al, 2008) . 
